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CHAPTBR I 
INTRODUCTION 
Pellagra, first described in 1730, was associated with the con­
swnption of maize as early as 1789. Several theories have been suggested 
to explain the as.sociation between corn and pellagra. One is that there 
is some factor in corn which is toxic. There has been no evidence to 
substantiate or disprove this theory. 
Since pellagra is a disease resulting from a deficiency in the 
diet of either niacin or its precursor tryptophan, a possible explanation 
offered for this association between diets high in corn and pellagra was 
the.
low �ryptophan content of corn. However, Krehl.et al. (1) found 
that good growth in rats was obtained by feeding non-corn, low-niacin 
diets containing only 108 mg. per cent tryptophan, whereas rats fed corn 
diets which contained more than 108 mg. per cent tryptophan showed poor 
growth. 
In another study by Goldsmith et al. (2), human subject� fed 
corn diets developed clinical signs of a niacin deficiency within 50 days, 
while subjects fed a wheat diet which had the same niacin and tryptophan 
content as the corn diet did not show any niacin deficiency symptoms 
until the subjects had been.on the diet 80 days or more. 
The studies of these researchers suggested that some component of 
corn was interfering with the utilization of tryptophan and/or niacin. 
Both groups of researchers have postulated that the balance of the amino 
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acids in corn may be responsible for this interference. Corn is defi­
cient in tryptophan and has a high level of leucine. It has been sug­
gested that this imbalance of amino acids in corn results in an in­
creased requirement for tryptophan. 
Much investigation has been done to determine whether or not an 
imbalance of amino acids in corn, resulting in an increased requirement 
for tryptophan in the diet, is responsible for the development of niacin 
deficiency symptoms in animals fed corn diets. Coulter (3) studied the 
ability of rats fed low-protein, niacin-free diets containing either 
corn, zein, mixtures of the indispensable amino acids in zein with and 
without leucine,or the dispensable amino acid mixture of zein to util­
ize tryptophan for the synthesis of pyridine nucleotides. The pyridine 
nucleotides are the metabolically-active form of niacin in the body. 
She found that leucine and one or more of the dispensable amino acids 
of zein interfere with the utilization of tryptophan. 
The study reported in this thesis is a continuation of the work 
by Coulter and was designed to determine which of the dispensable amino 
acids in zein inhibit(s) the conversion of tryptophan to liver pyridine 
nucleotides in rats. 
Pellagra 
CHAPTER II 
REVIEW OF LITERATURE 
The disease pellagra, characterized by dermatitis, diarrhea, pig­
mentation of the skin,and mental disorders, was first described by Casal 
in northwestern Spain in 1730 under the name mal de la�· There was 
a higher incidence of the disease during the spring and swnrner months 
than during the other months. Also, a definite relationship was recogni­
zed between the severity of the disease and increased exposure to sun­
light as a result of the appearance of dermatitis only on the exposed 
areas of the body. In Italy the disease was named pellagra - pella (skin) 
and agra (unsightly or rough) . In the early 1900's pellagra was found 
in the southern part of the United States. A direct relationship existed 
between the occurrence of pellagra and poverty in all areas (4). 
The Diet and Occurrence of Pellagra 
In 1916 Goldberger et al. (5) established that diet had a marked 
influence on both the prevention and the cure of pellagra. In comparing 
the diets of pellagrous and nonpellagrous people, they found that indi­
viduals without pellagra had more animal protein in their diets than did 
those with the disease. 
Goldberger and Tanner (6) studied the effect of feeding meat and 
milk to patients with pellagra and found that the improved effects due 
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to these foods could not be explained entirely·by simply increasing 
the level of protein in the diet. They concluded that the amino acid 
mixture in the protein was an important factor in preventing pellagra 
and that some protein foods had a faulty or inadequate mixture of amino 
acids. They observed that the administration of cystine to the diet of 
pellagrins led to improvements in the skin lesions, and that additions 
of cystine and tryptophan resulted in weight gains. 
Further research,.however, indicated that a vitamin deficiency 
was a more likely cause of pellagra than the amino acid content of the 
diet; thus, the possibility of a relationship between protein and pel-· 
lagra was not pursued further at that time. Goldberger et al. (7) 
tested additional foods to determine which ones had the so-called 
pellagra-preventing factor and found that fresh beef and dried yeast 
contained this factor, but butter did not. 
Relationship of Nicotinic Acid and Tryptophan to Pellagra 
As early as 1922  black tongue in dogs had been shown to be the 
canine analog of human pellagra (4). Elvehjem et al. (8) showed that 
nicotinic,acid and· nicotinamide were effective in curing and preventing 
canine black tongue. Subsequent work by others demonstrated that pel­
lagra in humans could be cured by feeding .nicotinic acid (9). 
By direct measurement of the nicotinic acid in carcasses of rats 
fed diets low in nicotinic acid, Dann (10) found that rats were able to 
synthesize nicotinic acid and that the synthesis occurred in the tissues 
of the rat and was not due to symbiotic activity of microorganisms in 
the intestinal tract. 
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Several studies made in the early 1940 1 s suggested that there was 
a direct relationship between tryptophan and niacin in the prevention of 
pellagra. Rosen et al. (11) investigating the urinary excretion of nico­
tinic acid derivatives in the rat found that there was a significant 
decrease in nicotinic acid excretion when the casein in the diet was 
replaced by gelatin, a tryptophan deficient protein. An immediate 
increase in N 1 methylnicotinamide excretion was noted with the addition 
of tryptophan to the diet, suggesting that tryptophan was an important 
precursor of nicotinic acid in the. rat. Earlier studies on the metabo­
lism of nicotinic acid by Hu.ff and Perlzweig (12, 13) had revealed that 
N 1 methylnicotinamide was the chief compound excreted after a dosage of 
nicotina.mide. 
These results were confirmed by Singal et al. (14) who measured 
the effect of tryptophan and nicotinic acid on the urinary excretion of 
nicotinic acid derivatives in rats fed corn and non-corn rations. There 
was an increased excretion of nicotinic acid derivatives in rats receiving 
both the corn and non-corn ration when the diet was supplemented with 
tryptophan but nicotinic acid supplements to the diets had no effect on 
the urinary excretion of nicotinic acid derivatives. 
The utilization of tryptophan and nicotinic acid by rats fed 
either rations containing corn grits or rations containing corn grits 
plus niacin was determined in a balance study by Krehl et al. (1) . 
Good growth and increased total tissue niacin were obtained with niacin­
low diets suggesting that niacin could be synthesized from tryptophan. 
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Later studies using radioactive labeled tryptophan proved con­
clusively that trypt.ophan could be converted to nicotinic acid. In addi­
tion, some of the intermediates in this conversion were identified as 
kynureQ1ne and kynurenic acid (15, 16, 17), In 1948 Mitchell et al. (18) 
presented data which indicated 3-hydroxyanthranilic acid could replace 
nicotinamide in the diets of rats. As a result of considerable investi­
gation during the years from 1940-1950, the following metabolic pathway 
for the conversion of tryptophan· to nicotinic acid was developed: 
Tryptophan ,Formylkynurenine 
3-Hydroxykynurenine �Kynurenine 
3-lfydroxyanthrLilic acid -. Nicotinic Acid 
However, in the late 1940's several studies suggested that free 
nicotinic acid was not formed in the conversion of tryptophan to the 
vitamin in the rat. In 1949 Henderson and coworkers (19, 20.,. 21} found 
a marked increase in the amount of quinolinic acid in rat urine following 
the feeding of tryptophan which suggested that quinolinic acid was an 
intermediate in the conversion of 3-hydroxyanthranilic acid to nicotinic 
acid and that quinolinic acid was capable 9f replacing nicotinic acid in 
the diet of various animals. 
The mechanism of the conversion of 3-hydroxyanthranilic acid to 
nicotinic acid has only recer\tly been elucidated. In 1963 Nishizuka. and 
Hayaishi (22) reported that 3-hydroxyanthranilic acid was converted to 
niacin ribonucleotide in the presence of 5-phosphoribosyl-1-pyrophosphate 
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(PRPP)1, by enzyme preparations obtained from rat livers. Contrary to 
the above proposed scheme, no free nicotinic acid was found. They prb­
posed 2-acroleyl-3-aminofumaric acid and quinolinic acid as intermediates 
in the conversion of 3-hydroxyanthranilic acid to niacin ribonucleotide. 
3-Hydroxyanthranilic acid 1.. 2-Acroleyl-3-amino-fumaric 
Niacin 
ri'bonucleotide 
Quinolinic 
acid 
ribonucleotide 
•PRPP Quinolinic 
acid 
acid 
Relation of Pyridine Nucleotides.� Nicotinic Acid and Tryptophan 
Nicotinic acid or a derivative is required by all living cells as 
an essential component of two coenzymes, nicotinamide adenine dinucleotide 
(NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which are 
both necessary in glycolysis and tissue respiratiorn. The major function 
of NAD and NADP is the removal of hydrogen and &J.:ectrons from certain sub­
strates in cooperation with a dehydrogenase enzyme and the subsequent 
transfer of the hydrogen and electrons to other coenzymes or substrates 
(4). The term pyridine nucleotide is commonly used to refer collectively 
to nicotinic acid-containing coenzymes. 
The following scheme has been suggested as the pathway for the 
conversion of niacin ribonucleotide to NAD ( 22): 
1The following abbreviations are used in this thesis: PRPP, 
5-phosphoribosyl-1-pyrophosphate; NAD, nicotinamide adenine dinucleotide; 
NADP, nicotinamide adenine dinucleotide phosphate; ATP, adenosine tri­
phosphate; desamido-NAD, nicotinic acid adetine dinucleotide; PP1., inor­
ganic pyrophosphate; AMP, adenosine monophosphate; ADH; alcohol dehydro­
genase; NADH, reduced form of nicotinarnide adenine dinucleotide. 
Niacin ATP 
ribonucleotide > Desamido-NAD 
ATP 
Glutamine 
NAD 
+ 
+ 
ppi 
+ 
Glutamic acid 
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Since tryptophan is important as a precursor for niacin ribonucleo­
tide, the role of tryptophan in pyridine nucleotide formation has been 
studied. Williams et al. (23) found that tryptophan was probably more 
important than niacin in the formation of the coenzymes. In the absence 
of tryptophan, dietary niacin did not contribute at all to the synthesis 
of liver pyridine nucleotides. One-third of the liver pyridine nucleotides 
arose from dietary tryptophan regardless of the level of niacin in the 
diet of the adult animals. 
Burch et al. (24) found that low intakes of NAD precursors resulted 
in low levels of blood and liver pyridine nucleotides as well as serum 
and urinary N'methylnicotinamide. The weight gains of rats fed L-tryptophan 
supplements were as high as the gains of rats given nicotinic acid supple­
ments; levels of NAD in red and white blood cells and liver were lower 
for the tryptophan supplemented rats than the nicotinic acid supplemented 
rats. 
Evidence that less NAD was synthesized following injections of 
nicotinic acid, tryptophan, or NAD than when nicotinamide was injected 
was observed by Kapalan et al. (25). The fact that the injection of 
tryptophan produced an elevation in the liver NAD concentration about 
four hours before that obtained with a nicotinic acid injection would 
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suggest that tryptophan was converted to NAD without first being converted 
to free nicotinic acid. 
Influence of Various Proteins and Amino Acids� �ophan-Niacin Metabo­
lism 
The role of various amino acids or certain proteins in producing 
a niacin-tryptophan deficiency has been investigated. Hawkes et al. (26) 
found that the addition of DL-threonine and DL-phenylalanine in amounts 
that would be present in a 2 per cent acid-hydrolyzed casein diet aggra­
vated a niacin-tryptophan deficiency in rats. The addition of either 1.5 
mg. per cent niacin or 50 mg. per cent DL-tryptophan to the diet allevi­
ated the deficieney symptoms. 
The effect of gelatin and the amino acids that occur in gelatin 
on the tryptophan-niacin metabolism has been thoroughly investigated. 
Briggs et al. (27, 28) showed that feeding 10 per cent gelatin diets to 
chicks caused a marked depression in the growth rate and produced typical 
nicotinic acid deficiency symptoms. These effects again were alleviated 
by the addition of either nicotinic acid or tryptophan to the diet. 
Lyman and Elvehjem (29), investigating the effect of the amino acids in 
gelatin on the growth of rats, found indications that cystine and/or 
methionine depressed the growth. 
Sauberlich and Salmon (30) found that the tryptophan requirement 
of the rat is not constant but is related to the protein or nitrogen con­
tent of the diet. Gelatin added to the diet of rats caused growth 
depressions which could be corrected by supplements of tryptophan, whereas 
supplements of niacin had no effect. They suggested that if a diet was ·, ·· 
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adequate in niacin, no sparing effect on tryptophan could be expected. 
Only when.tryptophan was being used for niacin synthesis could the added 
niacin be expected to have any effect. 
Savage and Harper (31) fed rats niacin-free, low-protein diets 
with and without tryptophan supplements to which gelatin or various mix­
tures of the dispensable and indispensable amino acids of gelatin were 
added. They found that the liver NAD-NADP concentrations of rats fed the 
various diets without a tryptophan supplement were not different. A 
tryptophan supplement significantly increased the liver NAD-NADP concen­
trations of rats fed a low-protein, niacin-free basal diet or a diet 
containing a mixture of.the indispensable amino acids which simulated 
gelat�n. However, only a small increase in the liver NAD-NADP concentra­
tion was noted in rats fed diets containing intact gelatin or a mixture 
of the dispensable amino acids of gelatin. By feeding rats diets contain­
ing various mixtures of the dispensable amino acids of gelatin, they 
showed that glycine and L-4-hydroxyproline were the amino acids in gela­
tin responsible for a decreased synthesis of liver NAD-NADP in response 
to supple�ents of tryptophan. 
A definite relationship between the occurrence of the disease 
pella�a and the use of corn as the main ingredient of the diet has been 
recognized for many years. In 1945 Krehl et al. (32) showed that the 
addition of 40 per cent corn to a low-protein, niacin-deficient diet 
depressed the growth rate of rats and produced symptoms suggestive of 
a niacin deficiency. This growth depres�ion could be alleviated by the 
addition of either tryptophan or nicotinic acid. The growth depressing 
effect of corn was rather unique since the addition of other cereals 
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such as polished rice or rolled oats to the low-protein niacin-deficient 
diet produced no depression in growth even though these cereals contained 
less nicotinic acid than corn. 
In later studies Krehl et al. (33, 34) demonstrated that a dietary 
source of niacin was not required by the rat, but that the dietary require­
ment of niacin varied depending upon the character and quality 0£ accompa­
nying nutrients in the diet. The addition of corn grits to diets contain­
ing either fibrin or egg albumin in place of casein caused only a very 
slight decrease in the growth rate of rats which was not prevented by the 
addition of nicotinic acid. The protective activity of the fibrin and 
egg albumin diets was attributed to their higher tryptophan content. The 
growth depressing effect of corn has been attributed to its low tryptophan 
content. However, this may not be the only reason since good growth in 
rats has been obtained with non-corn, low-niacin diets containing only 
108 mg. per cent tryptophan, whereas rats fed corn diets with even higher 
tryptophan levels than 108 mg. showed poor growth (1). The effect of 
corn on the growth rate of rats was tested by adding zein to a 9 per cent 
casein ration. Very poor growth was obtained unless nicotinic acid or 
tryptophan was added (34). This study showed that the deleterious action 
of corn in creating a nicotinic acid deficiency or increased tryptophan 
requirement in rats was related to the protein in corn or the distribution 
of the amino acids in the protein of the corn. 
Goldsmith et al. (2) noted the effects of feeding a "wheat" and 
a rfcorn" diet with comparable amounts of niacin and 'bryptophan to six 
subjects over a period of several months. One of the three subjects fed 
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the "wheat" diet which furnished 5 mg. of niacin and 200 mg. of tryptophan 
daily developed signs of a niacin deficiency after 80 days. However, each 
of the three subjects fed the "corn" diet showed clinical signs of niacin 
deficiency after only 50 days. The time required for the develop�nt· of 
pellagra and the severity of the deficiency was related to tne intake of 
niacin and tryptophan per unit of body size with both diets. Since the 
niacin and the tryptophan contents of the 11wheat" and the "corn" diets 
were comparable, these data indicated that there was an inhibiting factor 
in the corn for the utilization of tryptophan and niacin. 
The growth depressing effect of corn in niacin-low rations may be 
a result of an amino acid imbalance in the zein of corn. The imbalance 
or amino acids, thus, results in an increased requirement of tryptophan 
(35). 
Recently Gopalan and Srikanti� (36) investigated the possible role 
of a relative excess,20-30 g., of leucine in the· diet in the pathogenesis 
of pellagra. Leucine is found in very high levels in corn. Results from 
their study showed that the administration or leucine to human subjects 
brought about an increased urinary N 1 methylnicotinamide excretion� They 
suggested that the amino acid imbalance caused by an excess of leucine 
in the diet may result in a depletion or ni�otinic acid from the tissues. 
The increased N'methylnicotinamide excretion brought about by the high 
leucine levels in the diet may be a specific effect of leucine on nico­
tinic acid metabolism but may be increased catabolism due tb an amino 
acid imbalance. 
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Truswell et al. (37) repeated Gopalan's and Srikantia's study 
and found that the addition of either 4 or 10 g. of L-leucine to ade­
quate diets did not produce appreciable alterations in N'methylnicotin­
amide excretion. These results do not support the suggestion that a 
relative excess of leucine in the diet has a part in the pathogenesis 
cf pellagra. However, the amounts of leucine used for this study were 
not as high as the levels used by Gopalan and.Srikantia. 
In 1965, Raghuramulu et al. (38) reported the effect of feeding 
excess leucine on the urinary excretion of tryptophan, various niacin 
metabolites, and .nitrogen in young and adult rats. When L-leucine was 
added at the 1.5 per cent level to a 9 per cent casein diet, the excre­
tion of quinolinic acid and N'methylnicotinamide increased, with the 
excretion in adult rats being more pronounced than in the younger ani­
mals. Urinary nitrogen excretion increased on leucine feeding in adult 
rats but not in the young ones. Adult rats fed jowar (Sorghum vulgare) 
excreted more N'methylnicotinamide and nitrogen than those fed a wheat 
diet, which had a lower leucine content than jowar. 
A recent study at the University of Tennessee was undertaken to 
determine whether any of the amino acids in zein might be responsible 
for inhibiting the conversion of tryptophan to NAD. Coulter (3) found 
that in the rat additions of corn, zein, or complete mixtures of either 
the indispensable amino acids or the dispensable amino acids simulating 
zein to a low-protein, niacin-free basal diet did not affect the total 
liver pyridine nucleotide concentration. However, rats fed a diet in 
which leucine was omitted from the mixture of the indispensable amino 
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acids simulating zein showed a highly significant increase in the total 
liver pyridine nucleotide concentration. The above-mentioned diets 
supplemented with 0.1 per cent L-tryptophan were also fed to rats. The 
rats fed the mixture of the indispensable amino acids without leucine 
again showed significant increases in liver pyridine nucleotide concen­
trations. The liver pyridine nucleotide concentrations of rats fed 
tryptophan supplemented diets containing corn, zein, or a complete mix­
ture of the dispensable amino acids simulating zein were lower than the 
values obtained for rats fed the tryptophan-supplemented basal diet. 
When the total liver pyridine nucleotide concentrations of rats fed 
diets supplemented with tryptophan were compared to the values obtained 
for rats fed diets with limited tryptophan, the rats fed the basal diet, 
the complete mixture of indispensable amino acids, and the mixture of 
indispensable amino acids without leucine showed significant increases. 
There was no significant increase in the pyridine nucleotide concentra­
tion of rats fed diets containing corn, zein, or a mixture of the dis­
pensable amino acids of zein. The data indicated that one or more of 
the dispensable amino acids in zein; as well as the amount of leucine 
in zein, interfere(s) with the utilization of tryptophan for pyridine 
nucleotide synthesis. 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
Experimental Animals 
Eighty male weanling albino rats of the Wistar strain from the 
University of Tennessee colony ranging in weight from 25 to 49 g. were 
used for this study. 
· The animals were divided into 16 groups, five rats per group, and 
were housed in individual metal cages. Distilled water and the various 
di�ts were fed ad libitum for a two weeks' period. The rats were weighed 
at the beginning and the end of the experimental period. The average feed 
consumption per day per rat was calculated. 
Diets 
The basal diet used in this study was composed of (in per cent}._ 
vitamin-free casein, 6; choline chlorid�, 0.15; fat-soluble vitamin mix­
ture in corn oil, 5J DL-methionine, 0.3; niacin-free water-soluble 
vitamin mixture, 0.25; Hubbell, Mendell, and Wakeman salt mixture, 5; and 
sucrose, 83.3. The compositions of the fat-soluble and water-soluble 
vitamin mixtures are given in Tables I and II, respectively. 
The basal diet was supplemented in a stepwise fashion with the 
L-isomers of the dispensable amino acids as found in zein. The dispens­
able amino acids were added in the quantities that would be present if 
zein had constit�ted 1.71 per cent of the diet. Eight groups of rats 
15 
Com2,2n.ent 
Calciferol 
� DL-Tocophero 1 
Halibut Liver Oil 
MazoJ.a Corn Oil 
TABLE I 
FAT�SOLUBLE VITAMIN MIXTURE 
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.Amount 
0.27 
12.75 
8.50 
616.00 
Five grams of this fat-soluble mixture per 100 g. of diet 
provide 400 IU of vitamin A, 200 IU of vitamin D, and l(
T
mg. of vitamin 
E. 
Vitamin 
Thiamine 
Riboflavin 
Calcium P,antothenate 
Pyridoxine HCl 
Felic Acid 
Menadione 
Biotin 
TABLE II 
WATER-SOLUBLE VITAMIN MIXTURE 
Vitamin B12 (1 g. triturate) 0.1 per cent with mannitol 
Inositol 
Ascorbic Acid 
Sucrose was added to make 125 g. of vitamin mixture •. 
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Amount 
&!. 
q.250 
0.250 
1.000 
0.130 
0.010 
0.030 
0.005 
0.001 
5.000 
2.500 
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were fed the experimental diets listed in Table III. The amino acids 
were added at the expense of sucrose. Eight other groups of rats were 
fed diets identical to those listed in Table III, but these diets were 
supplemented with 0.1 per cent L-tryptophan. The amino acids were added 
according to their increasing concentrations in zein. The amino acid values 
for zein as given by Block and Weiss (39) were used to determine the 
amount of the various amino acids which would be present in a diet con­
taining 1.71 per cent zein. This was the amount of zein used by Coulter 
(3) who found 1.71 per cent zein to be present in 40 g. of corn. Krehl 
et al. (31) had shown that the addition of 40 g. of corn to a low protein 
diet produced niacin-deficiency symptoms in rats. 
Extraction of Pyridine Nucleotides from Liver 
At the end of the two week experimental period, the rats were 
killed·by decapitation. Two liver samples from each rat, weighing 0.25-
1.45 g., were removed as quickly as possible, blotted dry, and weighed 
on an O'Haus Balance. One liver sample was placed in a homogenizing tube 
containing 2 ml. of water and 6 ml. of a 0.05 M phosphate buffer, pH 5.4, 
which had been previously heated one and a half minutes in a boiling 
water bath. The second liver sample was treated in a similar fashion 
except the pH of the 0.05 M phosphate was 8.7. NAD has been found to 
be stable at pH 5.4, while NADH is stable at 8.7 (40). 
The liver samples were incubated in a boiling water bath for one 
minute, homogenized with a Potter-Elvehjem teflon pestle for approxi­
mately one minute, and then temporarily stored in an ice bath until the 
liver samples from four animals had been collected. 
No. 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
TABLE III 
DIETARY TREATMENTS 
Diet 
Basal 
Basal+ Glycine 
and 
L-Cystine 
Diet II+ L-Aspartic 
Acid 
Diet III+ L-Tyro�ine 
Diet IV+ L-Serine 
Diet V + L-Alanine 
Diet VI+ L-Proline 
Diet VII+ L-Glutamic 
Acid 
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Amount 
of Amino Acid 
g./1(!0 I• diet 
0.006 
0.014 
0.050 
0.076 
0.116 
0.150 
0.150 
0.430 
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The samples were centrifuged at 8,500 x g. for 15 minutes at o4c. 
The supernatant fluid in each tube was decanted and saved for analysis 
of NAD or NADH. The liver supernatant fluid (pH 5.4 buffer) for the NAD 
determination was frozen for analysis at a later time. The supernatant 
fluid fo:tr ,the N.ADH determination (pH 8. 7 buffer) was analyzed within 12 
hours. 
Determination of N.AD and NADH Concentrations 
The concentration of NAD and NADH in the supernatant fluid was 
determined according to the method of Jedeikin and Weinhouse (40) using 
the Beckman DU spectrophotometer. The absorbancy .of ,each was deter­
mined at 340 mr., the wavelength of maximum absorption by NADH. 
For the analysis of NAD a 0.2 ml. aliquot of the supernatant 
fluid, 1.5 ml. of pH 9, 0. 1 M Na4P2o7 
buffer, 0.1 ml. of 10 per cent 
ethanol, and l.l ml. or water were put into a Beckman Corex cuvette. 
(If 0.5 ml. of the supernatant fluid was used, the water was decreased 
to 0. 8 ml.) . An optical density reading was taken at 340 mp. Three 
minutes after the addition of 0.1 ml. of yeast alcohol dehydrogenase 
(ADH) a second optical density reading was taken. The second optical 
density reading was higher than the first reading due to the formation 
of N.ADH. The equation for the reaction is: 
CH
.3
C�OH + N.AD ( in supernatant fluid) ADH,_ CH
3
� + NADH. 
Another 0.1 ml. of ADH was added immediately, and a third optical density 
reading was taken in order to obtain a correction for the dilution made 
by the addition of the first 0.1 ml. of ADH. From the increase in opti-
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cal density readings the concentration of NAD in the liver was calcu­
lated, using a change of one optical density unit as equivalent to .318 
fg. of NAD (40). 
In the analysis of NADH 1. 5 ml. of pH 7, 0.1 M KH2P04 buffer, 0. 1 
mt of 10 per cent acetaldehyde, 0. 2 ml. of the supernatant fluid, and 
1.1 ml. of water were put into a cuvette. The optical density reading 
obtained was high due to the presence of NADH in the supernatant fluid. 
A second optical density which was obtained after the addition of 0. 1 
ml. of ADH was decreased due to the decreased amount of NADH as a re­
sult of the following reaction: 
CH3� + N.ADH (in supernatant fluid) 
ADH
• CH3CH20H + NAD . 
H 
A third optical density reading was taken after the addition of the 
second 0. 1 ml. of ADH to obtain a correction for dilution. From the 
decrease in the optical density reading, the .�oncentration of NADH in 
liver was calculated, using a change of one optical density unit as 
being equivalent to 318 p.g. of NADH (40). 
Standard errors of the mean for total weight gain and liver NAD 
and NADH concentration were calculated. The Student's "t" test (41) 
was used to determine significance of differences in weight gains and 
NAD and NADH concentrations of the livers. 
CHAPTER IV 
RESULTS AND DISCUSSION 
The effect of adding the various dispensable amino acids of zein 
to a 6 per cent casein, niacin-free diet on the growth rate of rats is 
shown in Table IV. The stepwise addition of the dispensable amino acids 
of zein to the basal diet had no significint effect on the growth rate 
of rats fed either the diets containing limited amounts of tryptophan or 
the tryptophan-supplemented diets. These results are in agreement with 
those of Coulter (3) who found no significant differences in the growth 
rate of rats fed similar diets. 
The liver NAD concentration of the rats was affected by the addi­
tion of the dispensable amino acids of zein, as shown in Table V. The 
stepwise addition of the dispensable amino acids of zein to the basal diet 
without added tryptophan did not significantly change the NAD concentration. 
However, in r�ts fed the same diets supplemented with tryptophan, the 
addition of cystine and glycine to the basal diet produced a significant 
increase in NAD concentration (P<0.05) as compared to the value obtained 
with rats fed the basal diet. The stepwise addition of aspartic acid, 
tyrosine, serine, alanine, and pro+ine did not cause any significant changes 
in NAD concentration from the value obtained for rats fed the basal trypto­
phan supplemented diet. However, when glutamic acid was added to Diet VII 
(Group VIII) to simulate the complete mixture of the dispensable amino 
acids as found in zein, the liver NAD concentration �as significantly 
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Groups 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
TABLE IV 
THE EFFECT OF THE DISPENSABLE AMINO ACIDS OF ZEIN WITH AND WITHOUT A O. l PER CENT 
L-TRYPTOPHAN SUPPLEMENT ON THE GRCWTH OF MALE RATS 
No. of 
Diets Animal• 
Basala 5 
I+ L-Cystine + 
Glycine 5 
II+ L-Aspartic 
Acid 5 
III+ L-Tyrosine 5 
IV+ L-Serine 5 
V + L-Alanine 5 
VI.+ L.:.Proline , 
VII+ L-Glutamic Acid 5 
a Six per cent casein, niacin-free. 
bMean ± s. E. 
Without Added 
!']rJ>hal! • days 
18 ! 3b 
18 ± 5 
16 :!: l 
16 � l 
16 ! 2 
18 � 0.2 
15 ! l 
19 ! l 
No. of 
Animals 
5 
5 
5 
5 
5 
5 
5 
5 
With 0.1 Per Cent 
L-Trypto;ban 
,.J14 das 
19 ± 2 
13 � 2 
19 ! l 
17 ! l 
19 ± 2 
20 ! 2 
16 ± l 
19 ± l 
Group 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
TABLE V 
THE EFFECT OF THE DISPENSABLE AMINO ACIDS OF ZEIN WITH AND WITHOUT A 0. 1 PER CENT 
L-TRYPTOPHAN SUPPLEMENT ON LIVER NICOTINAMIDE ADENINE DINUCLEOTIDE (NAD) CON­
CENTRATION OF MALE RATS 
No. of 
Diets Animals 
Basala 5 
I + L-Cystine + 
Glycine 5 
II+ L-Aspartic 
Acid 5 
III+ L-Tyrosine 5 
IV + L-Serine 5 
V + L-Alanine 5 
VI+ L-Proline 5 
VII+ L-Glutamic 
Acid 5 
asix per cent casein, niacin-free. 
bMean ± S. E. 
Without Added 
,:Jg� 
246 ± 33b 
216 !: 25 
250 ! 38 
329 ± 29 
266 ± 13 
225 ± 10 
277 ± 33 
214 ±·26 
No. of 
Ania.ls 
5 
5 
5 
5 
5 
5 
5 
5 
With O.l Per Cent 
L-wrn 
367 ± 3Ef 
578 ± 7s
d , e 
491 ! 44e 
430 ± 56 
390 ± 54 
418 ± 34e 
515 ± 608 
264 ± 18f 
csignificantly higher than corresponding diet without added tryptophan -(P<.0. 05). 
dsignificantly higher than b asal diet with added tryptophan '(p <.O .. OS). 
·esignificantly higher than corresponding diet without added tryptophan (P<.0.01). 
fsignificantly l�wer than basal diet with added tryptophan (P<.0.05). 
ro 
.i::-
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lowered (P< 0 . 05 ) ,  indicating that glutamic acid had a depressing effect 
on the NAD concentration . 
To further illustrate the effect of the dispensable amino acids 
of zein on the utilization of tryptophan, the liver NAD concentrations 
of rats fed diets withoµt added tryptophan and diets with a 0. 1 per cent 
tryptophan supplement were compared . Rats in Groups I (basal diet ) ,  
II (basal diet plus cystine and glycine ) ,  and III (Diet II plus aspartic 
acid ) supplemented with tryptophan showed significant increases in the 
liver NAD concentration as compared to the NAD concentration of rats fed 
similar non-tryptophan supplemented diets . The probability levels were 
less than 0 .05 ,  0 . 01 ,  and 0. 01 , respectively. Rats in Groups IV ( Diet 
I!I plus tyrosine ) and V (Diet IV plus serine) which were fed tryptophan 
supplements showed increases in NAD concentration above the values found 
for rats fed the same diets without added tryptophan;  the increases were 
101 fg . /g. and 124 Fg ./g. , respectively. These increases in NAD concentra­
tion were not significant at the P•0 . 05 level . This may possibly be due 
to the large individual variation in NAD values obtained for the tryptophan 
supplemented rats . However, the increase in NAD concentration due to the 
addition of tryptophan to the diet for rats in Groups IV and V was about 
the same as the increase in NAD concentration observed when tryptophan 
was added to the basal diet ; this increase was 121 pg./g. Rats in Groups 
VI (Diet V plus alanine) and VII (Diet VI plus proline ) showed significant 
increases (P<. 0. 01) in liver NAD concentrations when the diet was supple­
mented with tryptophan. Since tyrosine and serine were present in these 
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diets, the significant incr�ases in NAD would suggest that these amino 
acids were not interfering with the utilization of tryptophan . When gluta­
mic acid was added to Diet VII to simulate the co�plete mixture of the 
dispensable amino acids of zein (Group VIII) , the rats in this group showed 
no significant increase in �AD concentration over the value obtained for 
rats fed the comparable limited tryptophan diet . The group of rats fed 
the diet containing glutamic acid supplemented �ith tryptophan had a mean 
liver NAD concentration of 264 fS�/g . while the group without the supple-
ment had a mean NAD concentration of 214 )lg ./g . ,  an increase of only 50 Jlg ./g . · 
This also indicates that glutamd.c acid, which is the dispensable amino acid 
found in greatest quantity in zein, inhibits the utilization of tryptophan . 
There are several possible explanations for the interference of 
the utilization of tryptophan by glutamic acid. The NAD concentration in 
rats could be depressed (1). if glutamic acid interfered with the absorption 
of tryptophan, (2) if glutamic acid actually bloc�ed a specific metabolic 
reaction in the conversion of tryptophan to NAD, or (3) if glutamic acid 
caused an increased destruction .  of NAD. 
In the conversion of tryptophan tC? niacin ribonucleotide, 3-hydroxy­
kynurenine is converted to 3-hydroxyanthranilic acid. This reaction requires 
the vitamin B6 coenzyme, pyridoxal phosphate . Glutamic acid also requires 
pyrido.xal phosphate for its initial transamination to d...-ketoglutaric acid, 
a Kreb cycle intermediate . It is possible that the high levels of glutamic 
acid under the conditions of the present study may interfere with the con­
version of 3-hydroxykynurenine to 3-hydroxyanthranilic acid by competing for 
the available vitamin B6 . 
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To determine whether there was a metabolic block in the conver­
sion of tryptophan to NAD by glutamic acid, the urine of the rats used 
in the present study was collec� and will be analyzed for · various 
tryptophan metabolites in the near future. 
It has also been suggested that when rats are fed a diet con­
taining an imbalance of amino acids, the increased catabolism of the 
amino acid in excess may increase the rate of general amino acid cata­
bolism, including that of the limiting amino acids. Thus the increased 
catabolism of glutamic acid may have caused an increased catabolism of 
tryptophan resulting in a lower NAD concentration . 
The inhibiting effect of hydroxyproline on the conversion of 
tryptophan to NAD and NADP as found by Savage and Harper (31) may be 
explained by the fact that in the catabolism of hydroxyproline it is 
converted to glutamic acid (42 ) .  
Table VI  shows the liver NADH concentration of rats .fed diets 
containing the various dispensable amino acids of zein with and without 
a tryptophan supplement. There were no significant differences in the 
liver NADH concentration among the eight groups of rats fed the diets 
without added tryptophan. 
When the liver NADH concentrations of the eight groups of rats 
fed the diets containing a tryptophan supplement were compared, rats in 
Group V, in which the amino acid serine was first introduced, were the 
only rats in which a significant difference (P < 0 . 05) in NADH concentra­
tion was observed as compared to the value obtained for the tryptophan-
Groups 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
TABLE VI 
THE EFFECT OF THE DISPENSABLE AMINO ACIDS OF ZEIN WITH AND WITHOUT A 0.1 PER CENT 
L-TRYPTOPHAN SUPPLEMENT ON THE CONCENTRA.TION OF THE REDUCED FORM OF LIVER 
NICOTIN.AMIDE ADENINE DINUCLEOTIDE (NADH) IN MAIE RA'IS 
Diets 
Basala 
I +  L-Cystin� + 
Glycine 
II+ L-�spartic Acid 
III + 'L-Tyrosine 
IV + L- Serine 
V + L-Alanine 
VI +  L-Proline 
VII+ L-Glutamic 
Acid 
No. of 
Animals 
- -···�- �-
5 
5 
5 
.5 
5 
5 
5 
5 
asix per cent casein, niacin-free. 
b + . Mean - S .  E. 
Without Added 
��.�·  Tryptoehan 
pg./g.  
219 ± 58:0 
220 ! 46 
159 ± 19 
183 ± 25 
193 ! 17 
231 ± 19 
149 ± 29 
230 ! 21 
No. of With 0.1 Per Cent 
Animals L-1'.t yptoehan 
�g. 
5 491 ± 147 
5 356 ! 75 
4 317 ± 64C. 
5 230 ± 48 
5 145 ± 11rl 
5 203 ± 37 
5 218 ± 40 
5 278 ! 71 
�Significantly higher than corresponding diet without added tryptophan (P<.0. 05). 
dsignificantly lower than basal diet with added tryptophan (P<:.0.05). 
I'\) 
CD 
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supplemented basal diet. The liver NADH concentration for this group 
was lower than the concentration obtained for the rats fed the trypto­
phan basal diet. 
A comparison of the liver NADH concentration of rats fed the 
same diets without ad�ed tryptophan with the NADH concentration of 
rats fed diets with a tryptophan supplement indicates the dispensable 
amino acids of zein which inhibit the utilization of tryphophan. Rats 
in Groups I, II, and !II with a tryptophan supplement showed increases 
in liver NADH concentration 0£ 272 p-g. /g. , 136 p.g./g . ,  and 158 fg . /g. , 
respectively, when compared to the NADH concentration of rats fed the 
same diets without added tryptophan. When tyrosine was added to the 
diet (Group IV), there was an apparent decreased synthesis of NADH, 
since the increase in NADH concentration was only 47 rg. /g. over the 
value obtained for rats fed the same diet without a tryptophan supple­
ment. Rats in Groups V and VI showed no increase in NADH concentrations 
but actually showed decreases of 48 fg. /g .  and 28 fg./g. , respectively. 
Rats in Groups VII and VIII with added tryptophan had only slight in­
creases in NADH concentrations, 69 fg. /g. and 48 fg. /g. , respectively, 
as compared to the value obtained for rats fed these diets without 
added tryptophan . The data suggest that tyrosine may be involved in the 
utilization of tryptophan . 
CHAPTER V 
SUMMARY 
The effect of the stepwise addition of the dispensable amino 
acids of zein on the utilization of L-tryptophan for pyridine nucleo­
tide synthesis was studied in rats fed low-protein, niacin-free diets. 
Similar diets were fed with and without a 0. 1 per cent tryptophan 
supplement . The parameters measured were growth and liver pyridine 
nucleotide concentration. 
The addition of the dispensable amino acids of zein to a low­
protein, niacin-free basal diet had no significant effect on the growth 
rate of rats fed either the diets without added tryptophan or the diets 
supplemented with tryptophan. 
The stepwise addition of the amino acids to the basal diet had 
no significant effect on the liver NAD concentration of rats when the 
diets were not supplemented with tryptophan. In diets supplemented with 
tryptophan the addition of cystine and glycine caused a significant 
(P<0. 05)increase in the liver NAD concentration above the value obtained 
for rats fed the basal diet . The stepwise addition of aspartic acid , 
tyrosine, serine, alanine, and proline to diets supplemented with trypto­
phan did not produce any significant changes in the liver NAD concentra­
tion . However, when glutamic acid was added to complete the mixture of 
dispensable amino acids of zein, the liver NAD concentration was signi­
ficantly lowered (P<.0.05). 
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When the NAD concentration of rats fed the same diets with and 
without a tryptophan supplement were compared, higher NAD concen trations 
were observed in all gro ups of rats supplemented with tryptophan ex­
cept the group fed diets to which glutamic acid had been added . to com­
plete the dispensable amino acid mixture of zein . There was no s ignifi­
cant increase· in NAD concentration when glutamic acid was present in 
the diet . These data indicate that glutarnic acid inhibits the utiliza­
tion of tryptophan . 
The stepwise addition of the dispensable amino acids of zein to 
the basal d iet  without a tryptophan supplement produced no s ignificant 
effects in NADH concentration . When serine was added to the mixture of 
dispensable amino acid s  in the tryptophan supplemented diets , the liver 
NADH concentration was significantly ( P <.0.05 )  decreased as compared . to 
the basal values . 
A comparison of liver NADH concentration of  rats fed similar diets 
with and without tryptophan supplements show that the addition of tryto­
phan increased ( 136 fg ./g . -272 rg . /g . )  the NADH concentration of rats 
fed the basal diet,  or basal diet plus cystine and glycine , or basal 
diet plus cystine , glycine , and aspartic acid . However, when tyrosine 
was added to the diet there was only a small increase in NADH concentra­
tion due to the add ition of tryptophan . There was actually a decrease in 
NADH concentration when serine and alanine were added to the diets . When 
proline and glutamic acid were added to the diet , the rats showed again 
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only slight increases in liver NADH concentration . These data indicate 
that tyrosine may possibly interfere with the_ utilization of tryptophan . 
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